MODEL OF PIEZOELECTRIC PUSHER
A piezoelectric pusher consists of a stack of piezoelectric ceramic disks that expands in response to an applied voltage. The extension and force of the pusher depends on the number and thickness of the disks and on the cross sectional area of the disks, respectively.
The ideal model consists of a prescribed displacement =, which is proportional to the input voltage, and a spring representing the stiffness of the stack. 
/-PUSHERHOUSING
This figure outlines how effective damping can be calculated once the probe and actuator sensitivities and actuator stiffness are known. The horizontal and vertical active damping were set equal in this arrangement, that is, CA = 1.57G ib sec/in., where G is the amplifier gain. TESTVIBRATION AMPLITUDES FORPROBESdI AND d2
The rotor was carefully balanced and then intentionally unbalanced by a known amount (0.14 oz in.), in order to compare the test results with those predicted by an unbalance response computer program. The top figure shows the test vibration amplitudes versus speed plots for the disk probe dI. The family of curves is generated by switching amplifier gains in the feedback circuit and calculating effective damping according to the feedback relationships. The bottom figure shows the test vibration amplitudes for disk probe d2. 
MODE SHAPE PLOTS
The plots below show the lowest, undampedforward mode, the lowest, undamped backward whirl mode, and the second, forward whirl modefor the finite-element model of each set. The upper plot is the power turbine, and the lower is the gas generator. The gas generator participation in the first, forward whirl modeis very small, but it predominates in the first, backward whirl mode. The plot for second, forward whirl modeshows participation of both power turbine and gas generator motion. PRESCRIBED PUSHER DISPLACEMENT This figure shows the internal displacement = of the pusher damper.for the previous unbalance response run..These results are based on = = -CZ/K, where C is the active damping value, Z is the velocity of the pusher attachment point (node 21), and K, the assumedpusher stiffness, is 25 000 ib/in. Note that the maximum internal displacement of the pusher with C = I00 is about 4 mils. 
SUMMARY
This presentation has examined the potential use of piezoelectric pushers for active control of rotor-bearing system vibrations.
The results showedsignificant levels of active damping contributed by the pushers (50 to 80 ib sec/in.) and very good agreement between vibration response trends predicted by theory and measuredon the rig.
Finite-element computer simulations showed that significant improvements in rotor stability and unbalance response could be achieved with an active damping of i00 Ib sec/in., which requires a pusher with displacement of about 4 mils, force of i00 ib, and a stiffness of 25 000 Ib/in.
.
PIEZOELECTRIC PUSHERS APPLIED TO ACTIVE CONTROL OF ROTOR-BEARING SYSTEM VIBRATIONS • TESTING CONDUCTED AT NASA LEWIS SHOWED SIGNIFICANT LEVELS OF ACTIVE DAMPING
• COMPUTER SIMULATIONS SHOWED PIEZOELECTRIC PUSHERS EFFECTIVELY CONTROLLED VIBRATION IN ENGINES.
